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Abstract
This paper presents experimental and numerical analysis of grid generated tur-
bulence with and without the effects of applied mean strain. We conduct a series
of experiments on decaying grid generated turbulence and grid turbulence with
mean strain. Experimental data of turbulence statistics including Reynolds
stress anisotropies is collected, analyzed and then compared to the predictions
of Reynolds Stress Models to assess their accuracy. The experimental data is
used to evaluate the variability in the coefficients of the rate of dissipation model
and the pressure strain correlation models used in Reynolds Stress Modeling.
For both models we recommend optimal values of coefficients that should be
used for experimental studies of grid generated turbulence.
Keywords: Grid Generated Turbulence, Turbulence Decay, Reynolds Stress
Modeling, Turbulence modeling
1. Introduction
Turbulent flows appear in problems of interest to many fields of engineering
sciences such as aeronautics, mechanical, chemical engineering and in oceano-
graphic, meteorological and astrophysical sciences, besides others. Improved un-
derstanding of turbulence evolution would lead to important advances in these
fields.
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At present there are no analytical solutions to predict the evolution of com-
plex engineering turbulent flows. Studies of turbulence have to use turbulence
models that characterize the statistical evolution of turbulence. Industrial stud-
ies use simple eddy viscosity based turbulence models like the k −  and k − ω
models. Recent emphasis in the scientific research community has shifted to
Reynolds stress models [1, 2, 3, 4, 5, 6, 7, 8]. Reynolds stress models have the
potential to give better predictions than turbulent viscosity based models at a
reasonable computational expense. They may be able to model the directional
effects of Reynolds stresses and complex interactions in turbulent flows [9, 10].
They have the potential to accurately model the return to isotropy of decaying
turbulence and evolution in the rapid distortion limit [11, 12]. Reynolds stress
models are used to develop improved simplified eddy viscosity based k −  − a
models for variable density flows [13], better algebraic closures and more accu-
rate sub-grid scale models.
The fruition of this potential of Reynolds stress models depends on the qual-
ity of the closures for the individual turbulence processes in the Reynolds Stress
Modeling approach. Along with progress in modeling, this requires accurate,
varied and detailed data from experimental investigations. Experimental stud-
ies have a symbiotic relationship with turbulence modeling. Data from such
experiments can guide the development and testing of models. For example
the experiments of [14] pointed to a non-linear return to isotropy phenomenon
in decaying turbulence. This led to the formulation of advanced slow pressure
strain correlation models like [15]. The shortcomings in models also guide the
organization of new experiments. For example the drawbacks of turbulence
models in rotation dominated mean flows led to the investigations of [16, 17].
While established models are available for the evolution of turbulence processes
there remain many questions about the model expressions and the closure co-
efficients. For example the closure coefficient values used in the rate of dissi-
pation evolution model are varied between different studies in literature. Most
of these studies use closure coefficient values that are well outside the range
established by theoretical guidelines and experimental investigations. Similarly
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the form of the model expression used in pressure strain correlation models is
also not universally accepted. The model of [18] is linear in the Reynolds stress
anisotropies, but the model of [15] is non-linear with coefficients that are func-
tions of the Reynolds stress invariants. While the models of [18] and [15] use a
modeling basis consisting of the Reynolds stress anisotropies, the model of [19]
uses additional tensors in the modeling expression. Using the experimental data
from this study we evaluate these variabilities and make recommendations for
improvement.
In this investigation we study the canonical cases of Homogeneous Isotropic
Turbulence (HIT) and Homogeneous Anisotropic Turbulence (HAT). HIT con-
ditions are well replicated in experimental grid generated turbulence. Such tests
are conducted in wind tunnels or water tanks where the grid is placed at the
beginning of the test section. The rods in the grid interact with the flow through
them leading to wakes. Just downstream of the grid, the wakes from individual
rods interact with each other producing turbulence. If there is no externally im-
posed forcing downstream of the grid this turbulent kinetic energy is viscously
dissipated at small scales leading to a decay in the velocity fluctuations. This
turbulent velocity field becomes statistically isotropic at a distance of the order
of 10-20 mesh lengths from the grid [14]. Beyond this length this turbulent
flow is statistically stationary with variation along the stream wise direction as
the turbulence decays. The rate of energy decay is approximately equal to the
viscous dissipation rate. Many authors have explored grid generated turbulence
[20, 21, 22, 23]. In addition to the insight into the decay of turbulence such
studies provide data for benchmarking and calibrating turbulence models.
HAT conditions are imposed by using passage of the turbulent flow through
an area change in the flow duct. Axisymmetric contraction increases the tur-
bulent velocity fluctuations along the transverse directions. [23] have studied
wind-tunnel turbulence experimentally and explored plane distortion, axisym-
metric expansion and contraction to introduce anisotropy in grid turbulence.
[24] investigated the grid generated turbulence experimentally using a water
tank and have studied the evolution of turbulence kinetic energy, dissipation
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rate and other flow parameters. [25] experimentally investigated grid-generated
turbulence subjected to axisymmetric strain and indicated that single-point tur-
bulence models may not be adequate to describe the relaxation of the turbulence
towards an isotropic state. In a very important investigation [26] studied the
properties of turbulence downstream of a passive grid. This experimental data
was used to evaluate the accuracy of eddy viscosity models and suggest opti-
mal values of model coefficients. Such studies provide essential guidance for the
limitations and development of improved turbulence models.
In spite of these investigations few researchers have investigated the detailed
evolution of Reynolds stress anisotropies near the grid at a large range of grid
Reynolds numbers. This represents one of the novel contributions of this paper.
This paper presents both experimental and numerical analysis of grid generated
turbulence with and without mean strain. In the experimental portion of this
paper, we investigate the degree of the anisotropy of the time averaged turbu-
lent field at different grid Reynolds numbers with and without mean strain. The
evolution of pressure coefficient, turbulent kinetic energy and Reynolds stresses
are plotted downstream of the grid for having clear picture of turbulence struc-
ture near the grid. In the numerical analysis, we use this experimental data to
analyze the closure coefficients of the rate of dissipation model and the pressure
strain correlation models used in Reynolds Stress Modeling simulations. Based
on this analysis we make recommendations for optimal values of the coefficients
for studies of grid-generated turbulence.
2. Experimental and modeling details
The experiments for this paper were conducted in the recirculating water
tank at the department of Ocean Engineering and Naval Architecture, IIT
Kharagpur. Side walls of the water tank are made up of glass. The schematic
of the experimental apparatus is shown in figure 1. The water is recirculated
by a pump, the rpm of the pump is controlled by an electrical control unit. A
mean flow velocity of 1m/s is achievable for a water depth of 0.8 meter. The
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Figure 1: Schematic of the recirculating water tank and the wedge, all dimensions are in
meter, the width of the wedge is same as width of the water tank
water tank has width 2 meters and depth 1.5 meter. The grids were placed im-
mediately preceding the test section through a grid holder. The depth of water
was 0.8 meter for all the cases of the experiments. Turbulence was generated
by using a grid made up of cylindrical pipes. The diameter of the pipes used
was 0.025 meter. The mesh length of the grids (M) was 10cm. The rigidity of
the grid was calculated as 0.43 by using equation (1) as described in [22]
σ = db/M(2− db/M) (1)
Reynolds number based on the grid mesh size [27] is calculated as:
ReM = UM/ν, (2)
here M is the mesh size, U is the inflow velocity and ν is the kinematic viscosity
of water. Experiments were conducted at three different grid Reynolds numbers,
ReM= 25000, 32000 and 39000.
Wedges were used downstream of the mesh for contracting the flow. These
were fixed at a distance of 0.6 meter downstream of the grid. The detailed di-
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mensions of the wedges is shown in figure 1. x is the main flow direction (at the
grid position, x=0), y is the transverse direction and z is the vertical direction.
U, V and W are the horizontal, transverse and vertical velocity components. An
Acoustic Doppler Velocimeter is used in our experiment to measure instanta-
neous velocity components at different downstream locations of the grid. An
ADV measures three-dimensional flow velocities using doppler shift principle.
Main components of the instrument are a sound emitter, three sound receivers
and a signal conditioning electronic module. A detailed overview of this tech-
nique can be found in [28].
2.1. Data Analysis
The data collected from the ADV were decomposed into Mean and fluctu-
ating velocities as
vi = vi + ui (3)
v and u can be calculated from the following formula
v = 1/n
n∑
i=1
Ui (4)
u =
√√√√1/n n∑
i=1
(vi − v)2 (5)
Since turbulence is considered as eddying motion of fluid , secondary stresses
appear in the fluid and those stresses are known as Reynolds stresses, which is
a second order tensor having nine components, out of which six are indepen-
dent. Diagonal components are called as normal stresses and the off diagonal
components are called as shear stresses. The turbulent kinetic energy is defined
as k = u
2+v2+w2
2 .
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2.2. Modeling details
The Reynolds stress transport equation has the form:
∂tuiuj + Uk
∂uiuj
∂xk
= Pij − ∂Tijk
∂xk
− ij + φij ,
where,
Pij = −ukuj ∂Ui
∂xk
− uiuk ∂Uj
∂xk
,Tkij = uiujuk − ν ∂uiuj
∂xk
+ δjkui
p
ρ
+ δikuj
p
ρ
, ij = −2ν ∂ui
∂xk
∂uj
∂xk
,φij =
p
ρ
(
∂ui
∂xj
+
∂uj
∂xi
)
(6)
Pij denotes the production of turbulence, Tijk is the diffusive transport, ij
is the dissipation rate tensor and φij is the pressure strain correlation. The
pressure fluctuations are governed by a Poisson equation:
1
ρ
∇2(p) = −2∂Uj
∂xi
∂ui
∂xj
− ∂
2uiuj
∂xi∂xj
(7)
The fluctuating pressure term is split into a slow and rapid pressure term
p = pS+pR. Slow and rapid pressure fluctuations satisfy the following equations
1
ρ
∇2(pS) = − ∂
2
∂xi∂xj
(uiuj − uiuj) (8)
1
ρ
∇2(pR) = −2∂Uj
∂xi
∂ui
∂xj
(9)
It can be seen that the slow pressure term accounts for the non-linear interac-
tions in the fluctuating velocity field and the rapid pressure term accounts for
the linear interactions. A general solution for φij can be obtained by applying
Green’s theorem to equation (7):
φij =
1
4pi
∫ ∞
−∞
∂u∗k
∂x∗l
∂u∗l
∂x∗k
(
∂ui
∂xj
+
∂uj
∂xi
) + 2Gkl
∂u∗l
∂x∗k
(
∂ui
∂xj
+
∂uj
∂xi
)
dV ol∗
|xn − x∗n|
(10)
The volume element of the corresponding integration is dV ol∗. Instead of an
analytical approach, the pressure strain correlation is modeled using rational
mechanics approach. The rapid term can be modeled by assuming the length
scale of mean velocity gradient is much larger than the turbulent length scale
7
and is written in terms of a fourth rank tensor [29]
φRij = 4k
∂Ul
∂xk
(Mkjil +Mikjl) (11)
where,
Mijpq =
−1
8pik
∫
1
r
∂2Rij(r)
∂rp∂rp
dr (12)
where, Rij(r) = 〈ui(x)uj(x+ r)〉
For homogeneous turbulence the complete pressure strain correlation can be
written as
φij = Aij(b) + kMijkl(b)
∂vk
∂xl
(13)
The most general form of slow pressure strain correlation is given by
φSij = β1bij + β2(bikbkj −
1
3
IIbδij) (14)
Established slow pressure strain correlation models including the models of [18]
and [15] use this general expression. Considering the rapid pressure strain cor-
relation, the linear form of the model expression is
φRij
k
= C2Sij +C3(bikSjk + bjkSik − 2
3
bmnSmnδij) +C4(bikWjk + bjkWik) (15)
Here bij =
uiuj
2k − δij3 is the Reynolds stress anisotropy tensor, Sij is the mean
rate of strain and Wij is the mean rate of rotation. Rapid pressure strain
correlation models like the models of [30] and [11] use this general expression.
3. Experimental Results
In the experimental results we report the Reynolds stress anisotropies and
the decay of the turbulence kinetic energy downstream of the mesh for a range of
different Reynolds numbers. In figure 2 we show the evolution of the streamwise
mean velocity U and the fluctuating velocity urms downstream of the mesh for
ReM = 25000. There is a gradual increase in the streamwise mean velocity due
to the development of the boundary layers along the configuration walls till it
reaches its maximum value. The power law decay of the fluctuating velocity
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Figure 2: Evolution of the streamwise mean velocity U and the fluctuating velocity urms
downstream of the mesh.
Figure 3: Distribution of pressure coefficient along the streamwise direction for ReM = 25000,
the reference pressure was taken at the beginning of the contraction, the downstream distance
is non-dimensionalized by the wedge step height
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is shown in the second sub-figure. The exponent of decay for this case was
calculated from the experimental data to be 1.35.
The pressure distribution is expressed in terms of the pressure coefficient Cp.
For an incompressible flow Cp =
P−Pref
0.5ρU2ref
, where p is the local static pressure,
pref is the static pressure at the beginning of the contraction, the local free
stream velocity is Uinfinity and Uref is the reference free stream velocity at the
beginning of the contraction. In figure 3, the evolution of the pressure coefficient
along the stream wise direction is presented, since the contraction used in the
experiment produces a favorable pressure gradient, a sharp decrease in pressure
coefficient is observed along the stream wise direction. The downstream distance
is normalized with respect to the step height of the contraction and x/M = 0
represents the beginning of the contraction.
In figure 4 the turbulence kinetic energy evolution for three different grid
Reynolds number is presented. It is observed in the absence of mean strain
there is a sharp decay of turbulence kinetic energy and with increase in grid
Reynolds number turbulence kinetic energy increases. However in presence of
mean strain, an increase in turbulence kinetic energy just after the contraction
is observed. Because of the favorable pressure gradient the turbulence kinetic
energy near the grid increased five times on an average at all three grid Reynolds
numbers.
In figure 5 and 6, the evolution of normal components of Reynolds stresses
are shown. It is observed that the imposed strain has no effect on the distri-
bution of Reynolds stresses along the transverse direction, but in longitudinal
direction, there is an increase in Reynolds stress components towards the end
of the contraction.
The comparison of the evolution of Reynolds stresses at ReM = 32, 000 is
shown in figure 7. It is shown in the figure that the imposed strain enhances
the magnitude of Reynolds stress only in the longitudinal direction.
The downstream evolution of Reynolds stress anisotropies for grid with con-
traction case is shown in figure 8. The imposed contraction leads to increase in
the anisotropy of the turbulent flow field.
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Figure 4: Downstream evolution of turbulence kinetic energy, a) without mean strain b) with
mean strain, solid lines corresponds to ReM of 39000, dashed lines 32000 and dashed dot lines
25000.
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Figure 5: Downstream evolution of Reynolds stress, a) without mean strain b) with mean
strain, solid lines corresponds to ReM of 39000, dashed lines 32000 and dashed dot lines
25000.
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Figure 6: Downstream evolution of Reynolds stress, a) without mean strain b) with mean
strain, solid lines corresponds to ReM of 39000, dashed lines 32000 and dashed dot lines
25000.
13
Figure 7: Effect of mean strain on free stream turbulence, a) represents evolution of free
stream turbulence without mean strain b) with mean strain. solid line represents R11 ,dashed
lines R22 and dashed dot lines R33 corresponding to ReM of 32000.
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Figure 8: bij evolution under mean strain at ReM =a)32000 b)39000. Solid lines show the
longitudinal component, dashed lines the transverse normal component
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4. Numerical results and analysis
4.1. Analysis of the rate of dissipation model
Experimental investigations of the decay of grid generated turbulence are
essentially important, but there is a marked trend to investigate such flow cases
using numerical simulations. Numerical simulations can provide idealized con-
ditions for the experiment (that may only be met approximately in a real ex-
periment). Numerical simulations also provide a large amount of detailed data
which is free of measurement errors. Most such numerical simulations into the
decay of turbulence use the Reynolds stress modeling approach.
An important shortcoming for the Reynolds Stress Modeling approach is the
approximate nature of the rate of dissipation equation. While the model equa-
tions for the evolution of the Reynolds stress anisotropy components are exact
and based on the Reynolds stress transport equation the evolution equation for
the rate of dissipation is empirically derived [29]. This model expression is
D
Dt
=
∂
∂xi
(ν +
νt
σk
)
∂
∂xi
+ C1
P
k
− C2 
2
k
(16)
The first term on the right hand side represents the diffusive transport of . The
second and third terms on the right side represent the generation of  due to
vortex stretching and the destruction of  by viscous action. The standard val-
ues for the closure coefficients are given by σ = 1.3, C1 = 1.44 and C1 = 1.92,
based on the constants determined by [31]. The value of the C2 coefficient is
calibrated to be in agreement with the power law decay observed in decaying
turbulence. Here the decay exponent corresponds to the power law decay ob-
served as k(t) = k(t0)(t/t0)
−n and (t) = (t0)(t/t0)−n−1. In terms of the decay
exponent n this is given by
n =
1
C2 − 1 (17)
Most experimental investigations have found the decay exponent to lie in
the range of 1.15 − 1.45. This obligates the value of C2 to approximately lie
in the range 1.69 − 1.87. However the values used in different models often
lies well outside this bound. Based on [32], [33] chose C2 = 2.0 to make the
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Figure 9: Contrasting the relationship between C2 and n based on experimental studies (solid
black line) and the values used in Reynolds Stress Modeling investigations.
turbulent kinetic energy vary inversely with distance from the origin. Both
the investigations of [30] and [15] changed it to C2 = 1.9 so as to get faster
rate of decay for their model simulations. [34] chose to adopt the value of
C2 = 1.92 for better calibration of their model. Since then, different modeling
investigations have used different values for the coefficient varying from 1.90 to
2.0. All these chosen values lie outside the range prescribed by experimental
investigations and are often varying from one numerical investigation to another.
In this context the value of the C2 is important to ensure correct simulations
and its determination may represent a hurdle for the Reynolds stress modeling
approach.
The values of the C1 is chosen to match the steady state parameters in
homogeneous turbulent shear flow. The form is given by P =
C2−1
C1−1 . It can
be seen form this relationship that the choice of the value of the coefficient C2
also in turn affects the value of the C1 coefficient. Any errors in the values of
C2 will have a cascading effect and will affect the accuracy of the entire model.
In this section, we vary the value of C2 while using different established
Reynolds Stress Models to find the optimal value for this coefficient. The values
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Figure 10: Turbulent kinetic energy downstream of the mesh and the decay predicted by the
model [34] with different values of the coefficients for the rate of dissipation equation.
of C1 and σ (σ =
κ2√
Cµ(C2−C1
where the Von Karman constant is κ =
0.41) are determined by their relationship with C2. While we have done this
investigation for a large number of C2 values, we show the results for four values
C2 = 1.75, 1.80, 1.85, 1.90. Only the first three values are in the range allowed
by experimental data. Mesh independence studies were carried out for this case
and are reported in [19].
In figure 10 we show the the decay of turbulent kinetic energy downstream of
the mesh predicted by the model of [34]. The rate of decay of turbulent kinetic
energy is captured well by the model predictions. At C2 = 1.75 (corresponding
to the decay exponent calculated from experimental data) the model over pre-
dicts the value of the turbulent kinetic energy. Increasing the value of C2 leads
to improvement in the prediction of the turbulent kinetic energy downstream
of the mesh. At C2 = 1.90 we get the best agreement with the experimental
data. This value of C2 is not in agreement with the decay exponent calculated
from experimental data and is outside the range prescribed by experimental
investigations in literature.
In figure 11 we show the the decay of turbulent kinetic energy downstream of
the mesh predicted by the model of [30]. In this case we see that at C2 = 1.90
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Figure 11: Turbulent kinetic energy downstream of the mesh and the decay predicted by the
model of [30] with different values of the coefficients for the rate of dissipation equation.
the dissipation downstream of the mesh is over-predicted. At C2 = 1.85 the
agreement between the experimental data and the model predictions is much
better.
Such variability in the coefficient values for turbulence models arises due to
the empirical nature of the modeling expression and the modeling methodol-
ogy where the coefficient values are calibrated using limited data from select
experiments. To highlight such variability [35] have developed different mod-
els calibrated against experimental data that show significant variation in the
values of the coefficients. [36] and [37] have studied the parameter variability
across flows for the k −  model. With respect to Reynolds stress modeling
[38] and [39] have shown that in homogeneous turbulence there can be signif-
icant variation in turbulence evolution if the Reynolds stresses are assumed to
completely describe the state of the turbulent flow field.
This disagreement between theoretical analysis with experimental data and
the numerical results against experimental data observed in this paper may be
arising due to the empirical nature of the rate of dissipation evolution equation.
In this case we did not vary the coefficient values of the model of [34] and [30].
These model coefficients are calibrated for homogeneous shear flows. Variation
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in these values may be advantageous because it would sample from all the
degrees of freedom in the system of equations.
From this analysis it is clear that the optimal values of the closure coefficients
of the rate of dissipation equation depend on the flow being simulated and also on
the pressure strain correlation model used. This represents a hurdle in numerical
simulations as the rate of dissipation equation should be ideally independent of
other models. As a compromise, we recommend the value of C2 = 1.87. This
determines the values of C1 = 1.42 and σ = 1.25. For these values both the
models of [34] or [30] give acceptable agreement with experimental data. This
value is also contained inside the range recommended by most experimental
investigations in literature.
4.2. Analysis of the Pressure strain correlation model
In our analysis of the pressure strain correlation model we focus on the very
popular LRR model of [30]. The form of this model is given by
φij =− (C01+ C11P )bij + C2kSij + C3k(bikSjk + bjkSik −
2
3
bmnSmnδij)
+ C4k(bikWjk + bjkWik)
(18)
The closure coefficients are given as C01 = 3, C
1
1 = 0, C2 = 0.8, C3 = 1.75 and
C4 = 1.31. This model can be thought of as the summation of the slow pressure
strain correlation model of [18] with a rapid pressure strain correlation model
developed by [30].
Inspite of its popularity and widespread use there are many questions raised
in literature regarding the values of its coefficients. The closure coefficient values
of [30] were calibrated using experimental data using simple turbulent flows.
In [30] the experiments used were restricted to the low shear experiment of
[40]. Different investigators like [41] used data from other turbulent flows to
re-calibrate the coefficients of this model and determined different values of
the closure coefficients. [42] have analyzed this form of the pressure strain
correlation model expression and have recommended that the closure coefficients
be explicit function of the mean rate of strain and mean rate of rotation tensors.
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Figure 12: Turbulence kinetic energy evolution for decaying grid generated turbulence, S∗ =
1.43. Predictions of [18] are shown by solid line, results at ReM = 25000 by unfilled circles.
This would make the values of the closure coefficients vary across different flows
for the same model.
In our analysis of the pressure strain correlation model of [30] we analyze
the model for the slow pressure strain correlation in isolation first. This is given
by φij = −C01bij and is equal to the return to isotropy model of [18]. For
assessment of this pressure strain correlation models, the downstream distance
relative to the start point of contraction was measured by the transit time of the
turbulence advection from the beginning of the contraction to a given stream
wise position , x [43]:
t =
∫ z
0
1
U(x)
dx (19)
where x is the dummy integration variable and U(x) is the local mean velocity
at a position z. The experimentally calculated value for the initial value of the
S∗ = Sk00 = 1.43 is used for the simulations.
As can be seen in figure 12 there is very good agreement between experimen-
tal data and model prediction when the linear interactions between the mean
velocity field and the fluctuating velocity field are absent. This indicates that
21
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Figure 13: Turbulence kinetic evolution for grid generated turbulence under axisymmetric
contraction. Results at ReM = 25000 are shown as unfilled circles.
the slow pressure strain correlation model is adequate for simulation of grid
generated decaying turbulence.
Considering the rapid pressure strain correlation model given by the form
φRij = C2kSij+C3k(bikSjk+bjkSik−
2
3
bmnSmnδij)+C4k(bikWjk+bjkWik) (20)
There are 3 closure coefficients representing three potential degrees of freedom.
However the value of the C2 coefficient is fixed by the analytical Crow Constraint
[44]. The other two coefficients are related to each other as C36 +
3C4
7 =
8
7 to
maintain symmetry conditions on the Mijkl tensor [29]. Because of this there is
just one degree of freedom in the coefficient values of the rapid pressure strain
correlation model of [30]. We choose to vary this degree of freedom to explore
the optimal value for grid generated turbulence with and without the effects of
mean straining.
In figure 13 we show the predictions of LRR model variants for the evolution
of turbulent kinetic energy. The model coefficients can be expressed in terms of
a closure coefficient of the Mijkl tensor, α as C3 = −6α and C4 = 23 (4+7α). We
vary the value of α from −0.29 (corresponding to the model coefficient values in
[30]) to −0.45. As can be seen in the figure the decrease in value of α leads to
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improved predictions till α = −0.42. Based on our analysis we recommend the
value of α = −0.42 (or C3 = 2.52, C4 = 0.71) for investigations grid generated
turbulence undergoing mean staining effects.
5. Conclusions
In this paper we carried out experimental and numerical analysis of grid
generated turbulence with and without mean strain. We conduct a series of
experiments on decaying grid generated turbulence and grid turbulence with
mean strain. Experimental data of turbulence statistics including Reynolds
stress anisotropies is collected and analyzed. The decay of turbulent kinetic
energy is mainly concentrated in the near grid region (x/M < 20) in all three
Reynolds numbers. The anisotropy of the flow field was presented for both the
decaying grid turbulence and flow with mean strain. The experimental data
was used to calibrate the coefficients of the rate of dissipation model and the
pressure strain correlation models used in Reynolds Stress Modeling. For both
models we recommend values of coefficients that should be used for experimental
studies of grid generated turbulence.
In related future work we are using active grids to generate more varied
data sets that cover a wider range of parameters including Sk , ReM , S, W and
different initial conditions for the turbulent velocity field. This data will be
used to generate probability distribution functions for the values of the closure
coefficients that may be useful for Bayesian investigations into the variability of
the values of these model coefficients.
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